The cleavage o f the bilin chromophore from C-phycocyanin with hydrogen bromide yields 3E-configurated phycocyanobilin (4) as the major and 3 Z-configurated phycocyanobilin (5) as the minor reaction product. The reaction o f synthetic 3E-configurated phytochromobilin (2) with hydrogen bromide and methanol leads only to a methanol adduct at the C-18 side chain (7) whereas the same reaction with the 3Z-configurated phytochromobilin (3) leads to 7 and 2. The bilin chromophore was cleaved also from phytochrome after preparation o f phytochromobilin peptides. The detection o f 2 and 7 suggested that 3Z-and 3E-configurated phytochromobilin were the primary products o f cleavage from phytochrome. A reaction scheme is given which can explain the results o f the reaction with hydrogen bromide and methanol.
Phytochrome, the most im portant photoreceptor for photom orphogenesis in higher plants (reviews: [1 -3 ] ), is a biliprotein. Proposals for the chemical structure (1)* of the bile pigm ent chrom ophore, phytochrom obilin and its covalent protein linkage were based only on indirect evidence. Spectrophotometric comparison o f phytochrom e (after unfold ing of the peptide chain) and m odel chrom ophores suggested an A -dihydrobiliverdin structure [4, 5] . Oxidative degradation o f phytochrom e allowed the extraction and identification o f defined breakdown products o f the chrom ophore [6 -8 ] . However, isola tion and characterization o f free phytochrom obilin were ham pered by the poor yield o f the cleavage reaction either with boiling m ethanol [9] or with cold hydrogen brom ide [10] . This sharply contrasted the situation with other biliproteins e.g. phycocyanin where the HBr m ethod cleaved the bilin chro mophore in almost quantitative yield [11] .
The total synthesis o f E-phytochrom obilin (2) and Z-phytochromobilin (3) [12] enabled us to study the Sm all phytochrom e (60000 daltons) was isolated from 3.5 days old etiolated oat seedlings [13] ac cording to Rice et a l [14] and Pratt [2] . After chro matography on brushite, DEAE-cellulose and Se phadex G-200 and dialysis against 10 m M tris-HCl, pH 7.4, containing 10 m M KCl, 1 m M N aN 3, and 1 m M E D T A j_the product had a purity index ^665: ^280 = 1:9. Chromopeptides were prepared by pepsin digestion of this phytochrom e according to Fry and M um ford [15] but omitting the am m onium sulfate precipitation step. Purification was per formed on a column (1.6x30 cm) filled with BioGel P-2 with 5% formic acid (Fig. 2) . The blue fractions (20 to 100) were collected, recovery of chromopeptides was 76%. The acidic solution was then lyophilized, recovery o f this step was 71% as determined by spectrophotom etry after dissolving an aliquot of the blue powder in 5% formic acid.
For the cleavage o f phytochromobilin, 60 nmol of the blue chrom opeptide lyophilisate were dissolved in 3 ml trifluoroacetic acid. A ir was removed from the flask by bubbling the solution with nitrogen gas for 10 min. Dry hydrogen brom ide gas was then passed into the solution for 10 min. The solution turned yellow during this time. Hydrogen brom ide and trifluoroacetic acid were then removed by a stream o f nitrogen (whereby the flask was kept at 30 °C in a water bath). The dry greenish residue was dissolved in 2 ml precooled m ethanol contain ing 7.5% sulfuric acid. The blue solution was kept at -2 0 °C for 15 h to complete esterification. Dim ethylesters o f the bile pigments were extracted into dichlorom ethane (3 x 1 ml) from which acid and methanol were rem oved with water (4x5 ml). The solution was dried with sodium sulfate. Yield: 15 nmol (25%) esterified product, which consists ac cording to TLC analysis o f phytochrom obilin (2) and the methanol adduct 7 (R F values in Table II) . Yield was determ ined with absorption coefficients of chrom opeptide [15] and phytochrom obilin [12] .
M ethanol adduct 7: 46.6 mg (76 |imol) phytochro mobilin dimethylester (2) were dissolved in 3 ml anhydrous trifluoroacetic acid and treated with hy drogen brom ide (for 2 0 -2 5 min) after removal of air with nitrogen gas as above. The dry residue was dissolved in 2 ml m ethanol and mixed with 20 ml 5% precooled methanolic sulfuric acid. This treat ment served to reesterify some eventually saponified 600 nm, £max = 16 700; /.max = 660 nm, Am ax = 635 nm). It was used for mass spectroscopy (Fig. 1) and 'H -N M R spectroscopy (Table I ) w ithout further purification.
Cleavage o f phycocyanobilin fro m C-phycocyanin:
1 mg C-phycocyanin (isolated from Spirulina platensis [16] ) were dissolved in 3 ml trifluoroacetic acid and treated with hydrogen brom ide as above. After workup with m ethanol, m ethanolic sulfuric acid, dichlorom ethane and water as usual, the prod uct was applied to TLC (H PTLC plates coated with silica gel G, Merck, D arm stadt) with carbon tetra chloride/ethyl acetate as solvent. Besides the m ajor zone of E-phycocyanobilin dim ethylester (4) a m i nor zone of Z-phycocyanobilin dim ethylester (5) was detected (R F values in Table II) .
Results and Discussion
The key for the isolation of free phytochrom o bilin (2) from phytochrom e should be a good cleavage reaction. Because free phycocyanobilin (4) had been obtained from phycocyanin in almost quantitative yield with hydrogen brom ide in triflu oroacetic acid [11] we checked this reaction first. The chromophore cleavage was quantitative also in our hands with phycocyanin: after reaction with HBr for only 10 min all blue colour was extracted into the organic layer whereas the aqueous phase which contained the protein was colourless. After esterification with m ethanolic sulfuric acid (see Materials and Methods) the esterified blue pigments were investigated by TLC. The pigm ent fraction contained besides the well-known dim ethylester of E-phycocyanobilin (4) a faster moving pigment in small amounts which was identified as Z-phycocy anobilin dim ethylester (5) by the following experi ments: 1. 5 prepared by photoisom erization from 4 as described earlier [12] was identical in cochro matography. 2. 5 isolated by TLC was converted ( Fig. 1) shows a parent peak at m /e 6 4 4 which corresponds to addition of one molecule of m eth anol to phytochromobilin dim ethylester (M = 6 1 2 ). The fragmentation pattern is characterized by loss of methanol and subsequent fragm entation o f the propionic acid side chains. The position of the new methoxy substituent follows from the 'H -N M Rspectrum (Table I) . Nearly all signals of the methanol adduct (7) can also be found in a recently in vestigated phycocyanobilin peptide (6) [19] . W ith HBr in methanol as described here, no methanol adduct was obtained from phycocyanin or phycocyanobilin. Furthermore, the methanol adduct obtained from phytochromobilin still contains the ethylidene group as shown by the corresponding 'H -N M R signals (Table I ). The signals of the 3-ethylidene group at 1.905 and 6.407 ppm are typical for the E-configuration and clearly different from signals at 2.12 and 5.86 ppm determined for 3(Z)-phytochrom obilin (3) or at 2.08 and 5.84 ppm determ ined for 3(Z)-phycocyanobilin (5) [12] . The only signals of phytochro mobilin (2) which are not found in the methanol adduct (7) are those of the vinyl group at 5.41, 6.22 and 6.52 ppm [12] , not given in Table I . It is obvious therefore that the vinyl group at C-18 has added methanol. The reaction with HBr and m ethanol was also applied to 3(Z)-phytochrom obilin (3) which had been obtained from 2 by photoisom erization [12] and isolated by TLC (R F values see Table II) . Surprisingly, two products were obtained in a ratio o f about 2:1 which were identified by TLC with 7 and 2, respectively. No unreacted Z-phytochromobilin (3) was left. The m inor product was further characterized by a subsequent reaction with HBr and methanol which quantitatively yielded (7) as expected. This means that E-phytochrom obilin (2) has not been present when HBr was introduced but was formed later, presum ably when m ethanol react ed with the mixture. Because the identity of (7) was checked only by TLC in these experiments the question arose w hether the Z-configurated methanol adduct (8) would indeed be separated from the Econfigurated isomer 7. W e therefore applied condi tions for photoisom erization [12] Table II ). The new pigm ent was easily reconverted to 7 either photochem ically or thermally.
The most probable explanation is given in Scheme 1: HBr adds according to this assum ption not only at the vinyl group to product 9 but also at the ethylidene group to product 10. The subsequent reaction with methanol would be either elim ination o f HBr at the side chain o f ring A to yield the Eethylidene group (product 2) or nucleophilic sub stitution to yield the methoxy substituent at ring D (product 7). The experimental results can be ex plained 1. if reactivity towards HBr decreases in the order Z-ethylidene > vinyl > E-ethylidene and 2. if addition o f one HBr excludes the addition o f a second HBr. These predictions are experimentally tested at the moment.
The concept o f highly reactive, brom inated inter mediates (structure 9) led to the assum ption that the small yield o f free phytochrom obilin from phyto chrome could be due to a secondary reaction with nucleophilic functional groups o f the protein. This would lead to irreversible binding of the Chromo phore with the protein. Hence the problem was to remove most of the reactive functional groups of the protein before the cleavage reaction. We therefore prepared chromopeptides from phytochrom e ac cording to a described method [15] . The yield of chromopeptides after pepsin digestion was about 90%. Separation of the chrom opeptides from most of the colourless peptides was achieved by a chro matography step (Fig. 2) . The chrom opeptide frac tion (chromophore yield 76%) was then lyophilized, dissolved in anhydrous trifluoroacetic acid and treated with hydrogen bromide. The solution turned greenish-yellow first and then blue again. Analysis o f the chromophore fraction -after esterificationby TLC revealed the presence of E-phytochromobilin (2) and E-configurated methanol adduct (7) in the ratio of about 1:1. This is the fir s t preparation o f defined bile p ig m en ts fr o m phytochrom e. Siegelman et al. [9] were able to cleavage a small amount of bile pigment from phytochrome by boiling m eth anol. But the yield was much smaller than that of the present preparation. Furtherm ore, no characteriza tion of the bile pigment was achieved at that time because of lack of authentic phytochromobilin. Bile pigments can be characterized by the posi tion of the long-wavelength absorption-band [20] . In the case of neutral bilatrienes, broad bands with shoulders or two peaks of varying intensity are observed [12, 20, 21] . This is possibly due to the presence of various conformers with different spec tral properties [22] . For the characterization of the bile pigments delt with in this paper, we used the second derivative of the absorption spectrum to exactly localize the absorption peaks (Table II) . The chromophore system of the methanol adduct (7) is the same as that of phycocyanobilin (4). Therefore the position of the maxima is nearly the same in 4 and 7. Loss of the ethylidene group leads to a hypsochromic shift of about 20 nm (comparison with A-dihydrobiliverdin) whereas introduction of a vinyl group leads to a bathochrom ic shift of 15 to 20 nm (comparison with phytochromobilin 2). The pigment mixture obtained from phytochrome has 2 peaks at 582 and 603 nm and a broad absorption band at 6 3 9-64 9 nm which certainly contains 2 more peaks. Because TLC analysis had revealed a 1: 1 mixture of 2 and 7 we calculated the spectrum of one component after subtraction of the spectrum of 7. The difference spectrum so obtained agrees very well with the spectrum of phytochromobilin (2) (see Table III ). This can be taken as further evi dence for the presence of 2 and 7 in the pigment mixture obtained from phytochrome.
The result of the present investigation can best be explained by a cleavage of the thioether linkage [8] in such a way that a m ixture of Z-and E-configurated phytochrom obilin (2 and 3) are formed first. This would correspond to the result with phyco cyanin. 2 would then further react with HBr and methanol to yield E-configurated methanol adduct (7) whereas 3 would react to 2 and 7 (scheme 1). Therefore 2 and 7 are the only products observed after completion of the reaction sequence.
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